In this paper we study the interrelationship between determinants of migration, conceived as a family strategy, and the potential impact of having a migrant household member on the people left behind. Labour migration is often related to poverty but, given its lumpyinvestment nature, lack of resources may constitute both a motivation and a hurdle to migrate. We use a cross-sectional household survey from rural Bangladesh to test whether migration is a diversification strategy that enables sending households to uptake high-yielding seed technology. We account for heterogeneity of migration constraints by differentiating between temporary-domestic, permanent-domestic and international movement. We find that households able to engage in costly high-return migration (i.e. international migration) are more likely to employ modern farming technology, thereby achieving higher productivity. Poorer households, on the other hand, are unable to overcome the entry costs of cross-border movement and fall back on low net-return (i.e. domestic) migration, which does not drive production enhancements and may act as a poverty-trap.
Introduction
Migration from developing countries has become a central issue in the study of economic development, but whether this process should be promoted or discouraged is currently hotly debated. This paper contributes to the debate by shedding some light on the potential complementarity between rural out-migration and productive activities in farm households at origin. It looks, in particular, at the economic impact of domestic, both temporary and permanent, and international outflows from rural Bangladesh on the adoption of modern seed technology by migrant-sending households.
It is widely recognised that 'spatially-diversified' families represent an institution arising from or influenced by the risky nature of rural production and the difficulties of self-insurance in low-income rural settings (Rosenzweig, 1988; Morduch, 1994) . The insurance motives for migration have been emphasised by the New Economics of Labour Migration (NELM), according to which greater income uncertainty may encourage out migration as a risk diversification strategy (Stark and Levhari, 1982; Katz and Stark, 1986) . Moreover, remittances received from migrant members represent a potential means to overcome credit constraints for source households (Lucas, 1987; Stark, 1991) . Off-setting factors of migration include the loss of labour force and human capital resources in the place of origin, along with several fixed and opportunity costs for the whole family, in terms of forgone working capital, skills, yield, and income. Overall, how migration shapes the productive capacity of household members left behind and whether it enables risk-taking production behaviour at origin are open questions. This paper adds to the literature by offering new empirical evidence on the potential effect of migration on productivity-enhancement choices in source farm households, such as the adoption of high-yielding varieties (HYVs) of rice. Production of rice is central to the Bangladeshi agricultural economy and modern seed of the Green Revolution type is a relatively diffused, divisible and profitable technology, but also notoriously more susceptible to yield variability than traditional varieties.
We use cross-sectional household data from eight villages in two rural regions of Bangladesh to examine the simultaneous household decisions about whether to adopt a new agricultural technology and whether to have a temporary domestic, permanent domestic or international migrant member. A main contribution of this paper is in accounting for the 'investment nature' of migration by looking at heterogeneous household migration strategies, which entail different net-returns, in terms of initial costs and the remittances sent home. We argue that the choice (or chance) between alternative outside destinations -that commonly coexist in developing rural contexts but are little researched in a simultaneous framework -provides an interesting testing ground to analyse the potential non-monotonic effects of migration on household productive investments at origin. Our findings show that households able to engage in costly high-return migration, i.e. international migration, are more likely to employ modern varieties of rice. Asset-poorer households, on the other hand, are unable to support the costs of cross-border movement and fall back on domestic migration, which has a negative impact on yield-increasing technological change, thereby locking them into low productive performance.
The remaining portion of the paper is organised as follows. Section 2 draws on NELM insights to briefly discuss migration as a costly household subsistence strategy that may lead to complementarities or trade-offs between economic opportunities elsewhere and productive activities at home. Section 3 discusses some specific features of internal and overseas migration in Bangladesh. In section 4 we outline the data set and descriptive statistics of the main variables used in the inferential analysis, while in section 5 we present the estimation strategy and the empirical results. Section 6 concludes.
Understanding migration: development-strategy or poverty-trap?
Migration is a common subsistence strategy in developing countries and people mobility, for temporary or permanent labour purposes, is routinely part of life in agricultural contexts.
According to the theoretical literature, no one element can be considered as the single contributory force in migration pressure, and there are competing insights about the role migration plays in enhancing (or hindering) economic development in source communities 1 .
Drawing on the seminal work of Stark (1978) , the NELM theory explains migration as an inter-temporal household strategy entailing interrelationships between determinants and impacts for the migrant and for the whole household left behind. The motivations behind migration are conceived in terms of imperfections in credit and risk markets, whereby having a migrant member working elsewhere is a family strategy to manage uncertainty, diversify the income portfolio and alleviate liquidity constraints through remittances (Stark, 1991) .
Accordingly, the migrant (both temporary and permanent) is part of a spatially extended household that acts collectively to reduce idiosyncratic risks by maintaining cooperation over long distances (through remittances sent by migrants, for example, or inheritance left by people at origin).
There is a growing empirical literature showing that the major impacts of migration and remittances on source rural areas occur through changes in the patterns of expenditure and 1 See Williamson (1998) and Taylor and Martin (2001) for a review of the theoretical foundations and empirical evidence on migration.
investments of households having migrant members 2 . Indeed, it has been widely claimed that in many developing countries remittances are a significant component of household income that enables recipient families to smooth their consumption and improve their wellbeing (see among others Durand et al., 1996 and Taylor et al.,1996) . Moreover, it has been shown that earnings of international migrants have a positive impact on crop productivity, and may also serve as a source of capital accumulation in rural households (see Lucas, 1987 on SouthAfrican migration, and Rozelle et al., 1999 on China) . What is less clear from the literature, though, is to what extent the beneficial effects of the migration-strategy are able to 'protect'
household members left behind and improve their productive-investment capacity. That is to say, what 'causes' the development impact of rural out-migration, and how does migration affect source households' production behaviour and their ability to achieve technical efficiency in agricultural activities.
If the NELM hypothesis holds, remittance-receiving households and/or 'better-insured'
households -those with migrant members working elsewhere -will be more able to undertake higher-risk profitable activities than households with no migrants. Yet, migration entails significant fixed and opportunity costs for the whole household, which may limit the generality and effectiveness of this informal insurance mechanism for households at origin 3 .
Moreover, costly diversification may imply an 'efficiency loss' for the poor that the richtypically better protected via assets and institutional arrangements -may not have to endure (Dercon, 2002) . In this sense, while constituting a motivation for migration, imperfections in capital and insurance markets may also act as a constraint to migrate (Taylor and Martin, 2001 ). This would result in the seeming poverty-trap whereby worse-off households are either not able to send migrants to work elsewhere, or if they do engage in migration, it may involve scarifying efficiency in order to reduce income fluctuations. In this paper we account for heterogeneity of migration constraints by specifying a simultaneous framework of determinants and consequences of migration and by differentiating between domestic -both temporary and permanent -and international migration choices. The latter typically entail very different net-returns, in terms of the initial costs and remittances sent back home. Thus, even though different forms of migration all represent household diversification strategies, 2 Evidence on this includes Katz and Stark (1986) ; Stark (1985, 1988); Lucas (1997); Rosenzweig (1988) ; Rosenzweig and Stark (1989) . 3 Fixed initial financial costs are typically related to travel, and recruiting agency and accommodation expenses. Opportunity costs of migration include forgone working capital, skills, yield, and income. In general, if access to profitable activities requires some initial cash outlay or start-up costs (to be paid in advance to investment returns), then multiple equilibria are likely to occur and poverty traps phenomena may be observed. There are several theoretical and empirical contributions on the consequences of imperfect credit market and initial market constraints in terms of risk-management capacity, low-risk investment by poorer farmers, poverty traps (Eswaran and Kotwal, 1990 , Banerjee and Newman, 1993 , Dercon 1996 , 1998 , Morduch, 1995 . they may be subject to different selection processes and, at the same time, may result in different risk-taking behaviour in productive activities at origin. By simultaneously estimating the determinants and consequences of different forms of migration, this study aims at shedding light on the role of entry costs in shaping household migration strategies and the potential non-monotonic impact of these strategies on the farm households left behind.
Migration flows in Bangladesh
Bangladesh's economy has registered positive figures with respect to economic and human development achievements over the last 25 years. Average annual GDP growth rate increased from 2.4 percent in the 1980s to 4.9 percent during the 1990s (WB, 2000) . Determinants of both short and long-term migration are complex, and depend on many factors representing economic, social and cultural realities. According to official figures, international migrants are predominately young males (females account for only 1 percent of international migration). This is mainly because the Bangladesh government has banned certain types of female labour from independent out-migration, although many do emigrate through unofficial channels (INSTRAW and IOM, 2000 ).
According to micro-level studies, Bangladeshi labour force in different parts of the world is primarily constituted by unskilled and semi skilled workers (Hossain, 2001; Siddiqui, 2003) .
In 2001, for example, 58 percent of migrant workers were unskilled or semi-skilled, while the proportion of professionals was just 3 percent (IOM 2005a percent by international migration) (see Afsar et al., 2000) 6 . Traditionally, economic migrants to internal urban areas were mostly young males, but with the recent increase in demand for female labour in the readymade garment factories of the metropolitan areas of Dhaka Khulna and Chittagong this has changed significantly (Siddiqui 2003) . The scanty evidence on Bangladeshi migration shows that remittances are a crucial source of income for consumption, for loan repayment and to expand business in agricultural products or construction materials. Remittances also help to generate savings, the major source of capital in Bangladesh, in the absence of institutional credit on easy terms (IOM, 2005a; Siddiqui, 2003) .
Few studies are available on migration patterns from rural Bangladeshi areas. Based on anecdotical evidence, it is argued that the extreme poor people are likely to undergo a period of temporary migration in gradually moving to other parts of the country (Siddiqui, 2003) .
Some rural people do migrate abroad but there is little available data on the proportion of international migrants from rural areas.
It has been claimed that international migration typically generates much higher levels of remittances than rural-rural or rural-urban migration. However, there are financial obligations for migration across Bangladeshi borders, which include the cost of a visa, the airfare, and recruiting agency commission charges 7 (Afsar et al. 2000) . Given the structural problems involved in the migration process in Bangladesh, and the importance of repayment of the costs of migration, the migration-development nexus may not be straightforward.
Data and descriptive statistics
The empirical analysis is based on a household survey of 5062 households from 8 villages in
Chandina and Madhupur thanas in Bangladesh, conducted by the Institute of Development Studies (Sussex, UK) in 1994/95. The survey collected detailed information on household characteristics, asset endowment, food production and non-farm activities. Information on migration of household members was gathered for each household, including information on duration and destination of migration, moving costs and remittances received from migrants.
In our study we restrict the sample to 3404 farm households who are operating land in the survey year, 30 percent of whom have put at least part of their growing area down to new rice varieties 8 . Figure 1 reports the average productivity of the main crops cultivated by sample farmers, and shows the higher productivity of HYVs of rice with respect to other crops 9 . 7 The recruitment process for migrant workers in Bangladesh is rather complex. A host of intermediaries, some of which are official and formal, while others are rather dubious, dominate the process, which is mostly privatised. Following the selection process, the recruitment agency organises the visa, air ticket and placement of workers in the receiving country for a relatively high fee. Yet, a recent proliferation of recruitment agencies has lowered agency costs somewhat (Afsar et al. 2000) . See also IOM (2005a). 8 Including landless households, or household who do not operate any land, would entail a general equilibrium analysis (on the impact of migration on land acquisition, for example). We adopt a partial equilibrium approach instead, as the rather thin Bangladeshi land market reduces the risk of potential sample selection bias. 9 HYVs of rice are reported by the survey respondent to be manly grown in the monsoon (Aman) season (when pests and diseases are widespread and risks high).
However, growing modern seeds is risky and the coefficient of variation of the farmer's output per acre is 0.48, compared with 0.29 for other crops 10 .
In terms of migration, one third of the sample farm households have at least one member left to work elsewhere. A key point in this study is mapping three different types of migration, namely temporary and permanent national migration, and international migration. Migration categories are identified through household questionnaires: responding households report whether they have experienced migration for work of family members and provide information for each migrant about the destination of movement (either abroad or within the country) and whether it has a temporary or permanent feature 11 , plus some other characteristics of migrants. Overall, the sample involves 1241 migrants, distributed and characterised as shown in Table 1 . Across the different categories, sample migrants are predominately young men, around 30 years old. What differs across types of migration is the migrants' education level, which is clearly higher in the case of permanent and international migration. Based on the sample households' responses, international migration appears the most recent typology of movement, as it began, on average, 4 years prior the survey, whilst domestic permanent migration started earlier and temporary migration first occurred more than eight years prior to the year of the survey.
Figure 2 depicts sample average migration costs and remittances by migrant category.
Moving costs and remittances for each migrant family member are directly reported by the survey respondent. They refer to the initial costs sustained by the household to send out a 10 Causes of instability are mainly due to genetic vulnerability and increased covariation across regions. In an earlier work of the author, it has been shown that adoption of HYVs of rice has a positive impact on household well-being (Mendola, 2005) . 11 Even though international migration may also be either temporary or permanent, the household survey was designed as to distinguish this for domestic migration only. We have no information about whether international migration is temporary or permanent. However, we would argue that the three types of migration we can identify -temporary and permanent domestic and international migration -are suitably representative of the three main mobility strategies in rural areas, i.e. rural-rural, rural-urban and international migration, respectively. migrant (i.e. costs of travel, visa, recruiting agency etc) and the amount of money they receive from her/him. It can be seen there are significant differences in the net-returns across typologies of migrants, with international migration yielding the highest level of costs and remittances 12 . Taking the household as the unit of analysis, around 62 percent of sample households have only one migrant member, 27 percent have two, 9 percent have three and in the remaining 1 percent of families four members have emigrated. When more than one member of the same household emigrates, in 30 percent of cases they do not belong to the same migration typology. This is to say that migration types are not mutually exclusive within a household.
Yet, we can map out the different types of mobility at household level by 'ordering' the migration categories such that if there is more than one migrant in the household, international migration will be always captured, followed by permanent migration and then temporary migration. In other words, we define a categorical variable as follows: where J = temporary migration without any permanent or international migrant; permanent migration without any international migrant; international migration. We define it thus because, as we could see from Figure 2 , the three typologies of migration involve different net-returns and may represent different household strategies (as it will be analysed in more detail). Therefore, although we are obliged to overlook potential interactions between household migration strategies, we focus on the 'affordability' of migration as a form of household investment strategy 13 . Table 3 presents some farm household characteristics across types of migration. In general, households with international migrants tend to be larger 14 and wealthier ones, and to own the most land (also per adult equivalent -i.e. controlling for household size does not change the strength of the correspondence), farm the largest amount of land, and have the lowest incidence of poverty and the highest total gross income. The opposite is true for households with temporary migrant members, that is they seem to be the worst-off in respect of all the indicators. Households with no-migrants, instead, appear to be more engaged in other 'diversified' activities such as cattle rearing and off-farm activities, but they are poorer in terms of land ownership, human capital and total income than households with international migrants.
In terms of decomposed income flows, households with international migrant members have the highest level of crop and other agricultural income, and the lowest levels of off-farm income (excluding remittances) with respect to all the other categories. As a share of total income, off-farm income flows represent a smaller percentage of total household earnings than for the other groups; this is due to the significantly high level of remittances they receive from international migrants, which account for 60 percent of their total income. Looking at farming investments, the figures show that relatively few farmers with temporary migrants adopt HYVs of rice, whilst the highest shares of adopting households belong to the groups with 'international migrants' and with 'no-migrants'. Thus, we need to understand to what extent migration and remittances are complementary to other productive assets and activities; however, given the endogenous nature of migration behaviour, descriptive statistics is not fully explanatory in this regard.
Estimation strategy and empirical results
The empirical analysis addresses such questions as: based on the NELM insights, to what extent is migration a shelter for rural households at origin? In particular, given the income uncertainty farm households typically face, does migration have any importance in risk-taking behaviour in agricultural production? How is this affected by the heterogeneity of migration constraints (i.e. by the fact that households are selected into different migration strategies)?
Based on the NELM theoretical framework, we take as unit of analysis the household as a whole, including migrant members; this is to say that the spectrum of factors influencing the decision to migrate involves the characteristics and wealth -in terms of human, physical and social capital -of the whole (spatially extended) family.
We are interested in examining the implications of having a temporary, permanent or international migrant member on source household decision about whether or not to adopt a modern agricultural technology. The simplest way is to estimate for household i an OLS regression of the general form:
where Y i denotes technology adoption for household i; i X is a set of observed farm household variables influencing the choice of technology; However, causal interpretation of the estimated OLS parameters is problematic as such regression is unlikely to provide a consistent estimate of the impact of migration on technology adoption. An immediate claim is that migration is a selective process and observable and unobservable household characteristics shape the choice of engaging in different forms of migration. Indeed, the selection bias comes from the fact that farm households might have an 'implicit' propensity for migration based on different reasons, some of which are not observed, and which may be positively or negatively associated with the likelihood to adopt a new agricultural technology. Furthermore, when a farm household decides to send out a migrant, this has simultaneous implications on its productive capacity and may modify productivity-enhancement choices, such as a change of agricultural technology. Indeed, farm household decides about the allocation of current labour and other inputs on the one hand, and on investments in the household's (human and physical) resources and production strategy on the other.
Hence, we use a system of equations and the instrumental variable (IV) procedure, in order to solve the potential OLS simultaneity bias and, at the same time, capture the determinants and causal impact of migration. We argue that in a context of missing or rationed credit and insurance markets, household characteristics and migration 'entry barriers' shape the expected future return differentials and the decision to participate in (a specific type of) migration. Therefore, we examine the simultaneous household decisions of whether to adopt a modern seed technology (as a proxy for the household risk-management capacity) and whether to have a temporary, permanent or international migrant member.
Throughout, the system of equation is estimated using linear probability models, which have the advantages of being generally more tractable for assessing causation and applicable to data with limited-dependent outcome variable and dummy endogenous regressors (Angrist, 2001) 15 . Moreover, included explanatory variables of technology and migration actual investment decisions are often of greater analytical and policy interest than latent index structural coefficients. We use three a stage least squares (3SLS) estimator, which is the most amenable to our objective of estimating the causal or potential effect of migration on the propensity to adopt risky technologies (see Angrist, 2001) 16 . This is because the two-stage and single-stage estimates are directly comparable and thus we can assess the determinants of household behaviour with respect to different migration strategies.
However, since the migration selection process is endogenously shaped by many of the same characteristics that determine technology adoption in each regime, correct identification of the model depends on finding instrumental variables that affect technology adoption solely through their impact on migration choices.
Empirical analysis design
In order to address the casual relationship between engaging in temporary, permanent or international migration, and farm household propensity to adopt high-yielding seeds, we estimate a system of equations as follows: Household behaviour with respect to technology adoption -equation (5.2) -can generally be thought of as the result of a decision process in which the standard separability condition between consumption and production does not hold. In particular, based on the literature on the Green Revolution, the adoption of modern seeds may be explained by a set of family and farming characteristics such as: household demographic variables (that are also related to family labour endowment); human capital-related attributes (including age of the household head as a proxy for experience); the amount of land owned (per consumption unit); land tenure-security variables (e.g. share of temple-land 18 , rent-in and mortgaged-out land); own farm equipment and powered means of ploughing; percentage of irrigated land (as a proxy for the quality of land); and a regional dummy variable (equal to one if the household is in Madhupur). We also include a subjective poverty measure ('self-poor assessment') that captures the household's own perception of its poverty status, and thereby is likely to influence the household risk-taking behaviour. This binary variable is equal to one if the household respondent directly reports to consider her/his household to be chronically or occasionally in food deficit.
It should be noted that HYVs are a relatively familiar agricultural technology in South Asia and (current) rice growers are particularly sensitive -besides to farmer's characteristics -to the access to complementary inputs (e.g. irrigation, farm equipment) and non-agricultural activities (for risk diversification motives) 19 .
Overall, production decisions are influenced by some of the same characteristics that influence migration behaviour, as these both are household decisions about the allocation of time, labour, and physical resources. In particular, based on the literature, the determinants of household participation in migration include demographic characteristics, human capitalrelated attributes, cultural and social ties (e.g. religion, migration networks), economic and institutional environment (e.g. domicile region) and the level of household wealth. The last of these is crucial for our analysis as it is widely recognised that asset ownership mostly determines household market participation in rural areas (e.g. credit and risk market participation). Thus, we include three capital-related variables, i.e. land-holding, the number of cattle owned (both per adult equivalent) and agricultural capital (i.e farming equipment), in order to control for differences in physical capital across households.
It is worth mentioning that there are differences in assets, particularly in the illiquid and liquid nature of land and cattle endowments respectively. Land is the main inheritable form of wealth for Bangladeshi households, and the main asset (besides labour) that allows people to invest in widening opportunities. Moreover, land is especially important in Bangladesh because of its scarcity and because it is used as collateral in credit programmes. Given that the Bangladeshi land market is very thin or even missing, it is reasonable to treat landholding as exogenous (see Pitt and Khandker, 1988; Morduch, 1998; Pitt, 1999) . The exogeneity of land ownership challenges the potential inverse relationship between (past) migration and (current)
wealth. Cattle owning, on the other hand, is a form of saving or a liquid asset, whose role is to cope with risk (see Dercon (1996) among others). Because of this, unlike land, it may suffer endogeneity drawbacks; we therefore also present results omitting this variable (in addition to others) in a parsimonious regression specification 20 .
In order to examine the determinants of household migration behaviour, we conduct a multivariate analysis that allows for a non-linear relationship between household wealth (per adult equivalent) and the propensity for the household to have either a temporary, permanent or international migrant. In particular, by estimating equation (5.3) through a multinomial logit model, we observe a non-monotonic impact of household landholding on the probability to migrate either temporarily, permanently, or abroad, against the option of staying put. Figure 3 illustrates the summed predicted probabilities for the three migration outcomes according to the amount of land owned by the household 21 (results are shown in Table A .1 in the Appendix). 20 Livestock is a (liquid) form of savings for rural households and, assuming credit rationing, it plays a similar role as migration, that is providing liquidity and risk alleviation at household level. However, the initial costs and the potential impacts of the two strategies make the investment 'scale' rather different for rural households. 21 The lowest line (temporary) plots the probability of having a temporary migrant for a given amount of land owned. The upper line (permanent) plots the sum of the probability of having a temporary migrant or a permanent migrant (i.e. the area between the two lines is the probability of having a permanent migrant only). And the top line (international) plots the summed probability of migrating either temporarily, permanently or internationally against the option of non-migration. The shape and areas of predicted probability suggest that at low levels of wealth (land owned) farm households participate (at a decreasing rate) in temporary or permanent migration, whilst they do not engage in international migration. At higher levels of wealth, a marginal increase in land holding increases (at a decreasing rate) only the propensity to migrate abroad. This is consistent with the idea that international migration is costly, but also very remunerative in terms of remittances, and thereby potentially the 'first best' choice for investing households 22 .
The differently-shaped non-linear relations are robust to different specifications and we retain the quadratic specification of asset holdings in the first stage regression (5.3) of the simultaneous equation analysis that follows.
Results
We start by reporting the OLS linear regression estimates of the impact of household participation in migration on the propensity to adopt HYVs. Table 4 reports a set of results of various specifications of equation (5.1) above. In column (1) we estimate our baseline regression without controls, whilst column (2) adds some household characteristics, such as demographic and human capital related variables, and the coefficients of different migration typologies are all negatively correlated with technology adoption. As mentioned earlier, though, these results may be biased by some household characteristics in the stochastic disturbance, correlated with the decision to have a migrant. Indeed, whether or not to engage 22 The first best solution occurs when markets are perfect and, in our specific case, when uninsured risks and credit rationing are not an issue. Our findings are also consistent with other evidence on historical migration (see Faini and Venturini, 1993) and with the fact that Bangladesh is a very poor country (therefore, we capture the first part of a hump-shaped wealth-international migration relationship).
in migration is a selective process, as is the decision about which type of migration to engage in. Overall, OLS results seem to suggest that different forms of migration are subject to different selection processes, driven by some (observable) determinants of household outcomes.
However, despite the fact that household wealth may be a good proxy for a number of omitted variables, further unobservable (by the econometrician) determinants of both the decision to adopt HYVs and to have a migrant -such as idiosyncratic shocks or household implicit propensity for specific investment types -are still unlikely to provide consistent OLS estimates 24 . Furthermore, and most importantly, a simultaneity bias would be present.
Improved well-being due to the adoption of a new farming technology could increase household savings, enabling family members either to 'switch' from one type of migration to another one (e.g. from domestic to international migration), or to forego migration and stay put 25 . In addition, families may allocate less resource to agriculture production depending on the achievement of specific migrant members or may vary their resources in response to changes in their migrant circumstances. If the general direction is to devote more resources for international migration, this will bias the migration effect downward. Therefore, using appropriate instruments for implementing an IV strategy would better reveal the true impact of migration.
In order to address the causal relationship between migration and adoption of HYVs in source households, we estimate the system of equations (5.2)-(5.3) above through 3SLS estimator.
The latter applies an IV procedure to produce consistent estimates and generalised least squares to account for correlation structure in the disturbances across equations.
The key empirical challenge is to identify the effect of migration on the household decision to adopt modern seeds. For this purpose, we use the following set of instruments: (i) the education level of the highest educated household member; (ii) the sample proportion of households in the origin village participating either in temporary, permanent or international 24 It should be noted that contrasting forces could be present. Better-off households may successfully seek to send migrants abroad, but skilled and entrepreneurial people may also be successful at home (engaging in different outside income-generating options for example). Therefore, we may say that the migration selection process operates both between and within different migration forms. 25 As discussed above, an increase in liquidity raises the household's terminal wealth and may drive the propensity to migrate abroad; on the other hand, the relative attractiveness of a family member departure decreases as the gap between the expected 'return' with and without migration closes migration and (iii) a 'family chain migration' variable, that is the presence of more than one migrant in the household who left more than three years prior to the survey year 26 .
Based on the literature, we argue that migrants' self-selection into different forms of mobility is highly driven by education level. At the same time, evidence on HYV technology is consistent in finding the level of schooling as a non-significant determinant of adoption. It should be noted that high-yielding seed varieties were introduced in Asia in the late 1960s, and farmers are likely to have benefited from the spread of knowledge and information about how to grow them during the early wave of the 'Green Revolution'. Therefore, as long as we control for the average education level of household members, we can assume that the education level of the highest educated member does not directly influence the household adoption behaviour, unless through the migration process.
The other instruments we use -the incidence of different typologies of migration at village level, and family chain migration -are proxy variables respectively for extra-family and family migration networks. These variables, in turn, capture the role of 'social learning' in shaping household migration behaviour 27 . Also, it is widely recognised that social networks (between village neighbours, and within families) contribute to reducing migration costs.
People with indirect experience of migration (within and outside the family) are more likely to move, and also settle better in the destination region (see among others Massey and Espinosa, 1997; Munshi, 2003) . According to cumulative causation theory, network effects and previous family migration may even be stronger than economic motivations (Massey et al., 1993) . For this reason different villages' histories of temporary, permanent and international migration, and family migration experience are assumed to directly influence household migration behaviour, while being orthogonal to the propensity to adopt new farming technologies 28 .
The validity of instruments is checked through the Sargan overidentification test, according to which we cannot reject the hypothesis that the instruments are uncorrelated with the error process (p-value is 0.21). Also, we use the Hausman test to determine whether the IV method rather than the OLS, or seemingly unrelated regression estimation (SURE) is necessary. Table 5 presents the results from comparing different estimation models; they suggest that the model needs an asymptotically efficient IV estimator such as 3SLS. Results based on the 3SLS estimation of model (5.2)-(5.3) are presented in Table 6 . They are robust to a number of alternative specifications, which are presented in Appendix. In particular, we control for the potential vulnerability of 3SLS to a specification error (since an error in an equation can be transmitted to all equations) and for the exclusion of likely endogenous variables -such as cattle and agricultural equipment endowment (see Table A .2 and A.3). Note also that in all first stage regressions the F-statistic of the excluded instruments is very high, suggesting that are instruments are not weak.
Results in Table 6 show that explanatory variables included in the adoption equation show the expected sign. Land ownership is positively related to the propensity to adopt modern seeds (even if it is not significant, which is consistent with the divisible and scale-neutral nature of HYVs investment), whilst tenure insecurity (the share of temple-land and mortgaged-out land) has a negative impact. The percentage of irrigated land and powered means of ploughing, on the other hand, are positively correlated with HYV adoption, as they are typically important complementary inputs for growing modern rice varieties.
In terms of migration coefficients, 3SLS estimates are higher and more significant than OLS, suggesting that correcting for endogeneity does have an effect on the results that, unlike OLS, represent the causal impact.
In Table 7 we check for sensitivity of migration estimates to specific instrument selection by using different combinations of the instruments. Results show that international migration is less sensitive to the choice of instruments than domestic migration, but all combinations lead to the same coefficient signs and, as shown by p-value of the Sargan test, the exogeneity of the instruments is never rejected. 0.0000 Absolute value of z-statistics in parentheses; * significant at 10%; ** significant at 5%; *** significant at 1% Absolute value of z-statistics in parentheses; * significant at 10%; ** significant at 5%; *** significant at 1%
The causal effect of migration on the propensity to adopt high-yielding rice varieties seems to depend on which type of migration households are involved in. Indeed, our findings show that, while having a household member who has migrated abroad has a significantly positive effect on the source household's propensity to adopt modern and risky seeds, the impact of domestic temporary and permanent migration is negative. Therefore, the hypothesis that migration is a risk and credit-alleviating strategy seems not to hold for all types of migration in Bangladesh. The reasons for this may lie in the risk and credit arguments: overseas economic opportunities are less likely to be correlated with local earnings, and also provide much higher returns (remittances) than domestic migration opportunities. On the other hand, a diversification strategy such as family labour mobility within the country borders is not fully independent from local earnings and provides low retunrs in terms of remittances and investment incentives at origin.
Thus, according to our findings international migration acts as a buffer against local uncertain income prospects but, as expected, it seems also the most costly and selective process.
Columns two to four in Table 6 show that at low level of household wealth (i.e land owned), a marginal increase in landownership lowers the propensity to participate in temporary and permanent migration, whilst increases the household propensity to participate in international migration. The human capital endowment (i.e. highest level of education) is also positively correlated with relatively higher-return migrations (permanent and international) and negatively associated with temporary migration. As for liquid assets (i.e. cattle owned), they appear to be a substitute investment strategy with respect to migration and, in turn, appear to significantly increase (although by a smaller percentage than migration) the propensity to adopt high-yielding seed varieties.
Finally, the household's perception of its poverty increases the propensity to have a temporary migrant member, but decreases the propensity to participate in higher remunerative forms of migration, and to employ HYVs of rice. This is consistent with the idea that high-return migrations (especially international migration) and adoption of new farming technologies are high-risk and costly activities, not easily undertaken by (subjective) poor families.
Overall, our findings suggest that wealthy households (i.e. endowed with more land) are able to overcome entry barriers to the most 'remunerative' international migration and, in turn, are more likely to employ modern farming technology and achieve higher productivity. Assetpoorer households, on the other hand, are unable to support the costs of cross-border migration and fall back on domestic migration, which does not help them to overcome financial or risk constraints, thereby locking them into low productive performance.
Conclusions
According to the NELM approach, the typical migrant is part of a rural extended family, which dispatches members to other places of employment to generate capital and to get access to new investment opportunities (e.g. change of technology) for the family farm.
Underlying this study is the idea that if on the one hand migration is an informal household insurance mechanism, on the other hand it is also a form of lumpy investment, especially onerous for households such as those in poor rural areas of Bangladesh. Therefore, determinants of migration simultaneously shape the economic impact of having a migrant member on farm households left behind. This has important implications for understanding the complex linkages between migration opportunities and economic development in local communities.
We argue that differentiating between alternative household moving strategies in poor rural communities -where evidence is generally scanty -is an interesting testing ground to analyse the potential non-monotonic effects of migration in mitigating household credit or risk constraints at origin. We use a household survey from rural Bangladesh to estimate the simultaneous decisions of households about whether to adopt a high-yielding farming technology and whether to have a temporary-domestic, permanent-domestic or international migrant member. We use an IV simultaneous equations model, in order to take account of both the endogenous migration choice and the cross-correlation of household decisions with respect to their (human and physical) resource allocation.
Assuming that higher initial asset holdings make it less likely that liquidity constraints will be binding, our empirical evidence shows that a household's wealth-related capital (mainly in the form of land) is crucial in shaping heterogeneous migration behaviour towards different typologies of migration. Asset-poor farm households are more likely to enter into domestic migration, which has lower entry costs, and lower absolute returns. Entry into high-return migration (i.e. international migration), in which most households would engage within a 'first-best' perspective, is restricted to richer and large-holder households. Furthermore, our findings show that international migration has a robust positive effect on adopting a superior agricultural technology, whilst temporary and permanent internal migrations do not encourage such a risky farming investment.
We interpret these results as evidence that although migration is a profitable alternative household activity, entry constraints may limit both access to it and its effectiveness as an income diversification strategy. Lack of resources needed to bear the costs of migration may generate a poverty-trap whereby only better-off households are able to exploit a virtuous circle of complementarities between overseas economic opportunities and productive activities at origin. This is consistent with a large literature showing that farm households with poor asset endowment and limited formal protection against income-risk, typically 'under-invest' by choosing (ex-ante) safe or conservative strategies. This comes at the cost of inefficiency and ultimately may keep them into persistent poverty (Rosenzweig and Binswanger, 1993; Morduch, 1995) .
Overall, our findings raise questions about the potential role of different forms of migration in contributing to fostering economic development in source communities. In particular they highlight that some households benefit from the ability to engage in international migration, which allows the people left behind to achieve technical efficiency in agriculture. Poorresourced people, though, are excluded from this global process, and this may have persisting implications in terms of inefficiency and poverty. Chi2( 6) = 4233.00 Prob > chi2 = 0.000 z-statistics are clustered by village; * significant at 10%; ** significant at 5%; *** significant at 1% 1 Joint significance of land owned and land owned squared. 2 Joint significance of cattle owned and cattle owned squared. 19.22 0.0000 Absolute value of z-statistics in parentheses; * significant at 10%; ** significant at 5%; *** significant at 1%
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